Objective.-Antarctic expeditioners face extremes of environmental conditions along with isolation which affect normal human activity at a polar station. Diets of polar expeditioners consist of products that have been kept in storage for more than a year. Processing and preservation adversely affect the nutritive value of the food products, especially water-soluble vitamins. This study was conducted to determine water-soluble vitamin status of Antarctic expeditioners consuming processed canned food.
Introduction
Antarctica presents an inhospitable environment that challenges the metabolic processes in the body. The challenging environmental conditions in Antarctica are extreme low temperature, high wind velocity, low humidity, snowstorms, long polar days and nights, high levels of ultraviolet radiation, magnetic storms, and increased ionization.
Acclimatization to a new environmental condition leads to changes in caloric expenditure and intake. Energy expenditure increases with cold exposure, and more calories are required to meet these increased requirements. 1 Askew (1995) reported that a higher quantity of B vitamins is required to meet the increased demand in stress conditions to sustain metabolism. 1 Reports about increased requirements of thiamine, riboflavin, and pyridoxine under environmental stress, excessive physical work, and decreased physical performance during deficiency are controversial. [2] [3] [4] [5] [6] [7] Vitamin C is an excellent water-soluble antioxidant with a strong reducing potential. Because of its scavenging properties, it is expected to help provide antioxidant defense by countering the stress of cold. It is reported that vitamin C accelerates thermogenesis and protects against cold and cold injury. [8] [9] [10] [11] It is also reported that storage and processing cause loss of water-soluble vitamins in food items. [12] [13] [14] Because the diet of Antarctic expeditioners consists of canned fruits, fruit juices, frozen meat, fish, poultry, and other frozen, canned, and dehydrated items that have Vitamin Status at Antarctica been kept in storage for more than a year, Antarctic expeditioners may be at risk for low dietary deficiency of water-soluble vitamins.
Vitamins are essential for metabolic functions and their deficiencies could lead to a decrease in physical performance. Relatively higher turnover rate with inadequate intake can lead to biochemical changes followed by clinical symptoms of deficiency. Studies are lacking about the status and changes in circulation of water-soluble vitamins during an Antarctic stay. Hence, we conducted this study to determine the water-soluble vitamin status of Antarctic expeditioners while consuming processed and canned food.
Materials and methods
The study was conducted during Austral Summer from December to February on 22 healthy male volunteers of the Indian Antarctic Expedition. Participants were 26 to 56 years old (39.5 Ϯ 8.5, mean Ϯ SD). The participants weighed 49 to 76 kg with heights of 157.3 to 185.3 cm. Written consent for participating in the study was obtained from the participants after an explanation of the protocol approved by the Defence Institute of Physiology and Allied Sciences (Delhi, India) Ethics Committee.
The study was conducted in 3 phases. Initial baseline data were collected at Goa, India (phase I). After phase I, study participants were taken to Cape Town (South Africa) by air and on a 9-day sea route to Antarctica thereafter. Measurements were again taken 48 hours after arriving in Antarctica (phase II) and after a 1-month stay in Antarctica (phase III). During the study, ambient temperatures were 24ЊC to 35ЊC at phase I and Ϫ9.2ЊC to 5ЊC during phases II and III. During the sea voyage, participants consumed mostly fresh food and some canned food, whereas in Antarctica, most of the food items were packed as canned food. Participants had free access to food items, but took no vitamin or mineral supplementation.
To estimate average caloric intake, duplicate plate samples were taken randomly at various times (viz, breakfast, lunch, and dinner) from the participants for analysis. Total energy expenditure was computed by recording the 24-hour activities of the participants with the Time and Motion Study method. 15 In this method, participants were asked to record their 24-hour activities for a period of 1 week on a time and motion form issued to them. The energy cost of each task performed by participants was based on earlier studies of the Defence Institute of Physiology and Allied Sciences. 16, 17 Blood samples were collected at all phases, whereas urine samples were collected in phases II and III only.
Blood samples were collected between 7 and 9 AM from the antecubital vein after an overnight fast. Plasma was separated immediately after blood collection and stored at Ϫ20ЊC. Red blood cells (RBC) were washed with 150 mM potassium chloride (KCl) and stored at Ϫ20ЊC. For urinary excretion studies, 24 hours of urine was collected with HCl as preservative in phases II and III.
Erythrocyte glutathione reductase (GR) activity for riboflavin status and transketolase activity for thiamin status were measured by methods described by Bamji. 18, 19 Erythrocyte aspartate aminotransferase (AST) activity for vitamin B 6 status was assayed by the method of Caband et al. 20 Urinary thiamin and riboflavin levels were estimated by the methods described by Varley et al. 21, 22 Urinary N-methyl nicotinamide for niacin and methylmalonic acid (MMA) for vitamin B 12 status were measured with the methods of Huff and Perlzweig 23 and Giorgio, 24 respectively. Ascorbic acid in plasma was assayed by the method of Zannoni et al. 25 
STATISTICAL ANALYSIS
The data obtained in different phases of the study were analyzed by repeated measures 1-way analysis of variance and a post hoc test by the least significant difference method. Comparisons were made in prestimulation activity levels of transketolase, GR, and AST and for plasma vitamin C levels between different phases. Data for prestimulation and poststimulation activities were analyzed with a paired Student's t test. Data for urinary excretion of thiamin, riboflavin, N-methyl nicotinamide, and MMA, between phases II and III were analyzed with a paired Student's t test, for which P Ͻ .05 was considered significant.
Results
The daily average energy intake during phases II and III was 16.35 Ϯ 1.29 MJ, whereas the average energy expenditure was 13.04 Ϯ 1.98 MJ, with a positive energy balance of 3.31 MJ/d per person. An average increase of 2.15 kg and 1.03 kg in body weight was observed between phases I and II and phases II and III, respectively. The total average weight gain by the participants between phases I and III was 3.18 kg.
Erythrocyte transketolase activity was similar in all phases of the study. An approximately 13% increase in erythrocytes transketolase activities was observed after stimulation with thiamine pyrophosphate in phase I. However, the increase was not statistically significant. In phase II, although the activity coefficient was the same as in phase I, the increase was statistically significant, ‡RBC indicates red blood cells; FAD, flavin adenine dinucleotide. *P Ͻ .001 for phase I compared with phases II and III. **P Ͻ .01 compared with prestimulation activity in the respective phase. ***P Ͻ .001 compared with prestimulation activity in the respective phase. whereas in phase III, the increase was not statistically significant (Table 1) .
Erythrocyte GR activity levels were significantly lower in phases II and III compared with phase I (P Ͻ .001). An activity coefficient of 1.54 was observed in erythrocyte GR activities after in vitro stimulation with flavin adenine dinucleotide (FAD) in phase I, whereas in phases II and III, activity coefficients were 1.22 and 1.61, respectively ( Table 2 ). The increases in GR activities after FAD stimulation were statistically significant in all the phases compared with prestimulation activity of the respective phase.
No significant change in AST activity was observed in erythrocytes of participants in Antarctica. An approximately 60% increase was observed in AST activity after stimulation with pyridoxal 5Ј-phosphate (PLP; activity coefficient 1.60) in phase I of the study. However, the activity coefficient for AST activity after PLP stimulation in phases II and III was only 1.49 (Table 3 ). The increases in AST activities after PLP stimulation were statistically significant in all phases compared with prestimulation activities of the respective phase.
No significant changes were observed in urinary excretion levels of thiamin, riboflavin, N-methyl nicotinamide, and urinary MMA after a 1-month stay in Antarctica (phase III) compared with phase II (Table 4) .
Lower levels of plasma ascorbic acid were observed in phase II and phase III of the study compared with phase I (sea level). The changes were significant only in phase III (i.e., after a 1-month stay in Antarctica) when compared with sea level values (P Ͻ .001; Table 5 ).
Discussion
Water-soluble vitamins, with the exception of folic acid and vitamin C, are involved in the oxidation and conversion of food to energy and in the functioning of the Krebs cycle. Thus, an adequate nutritional status with respect to the water-soluble vitamins becomes essential for the production of sufficient energy for thermogenesis and for physical exertion while working and residing in a cold environment such as Antarctica.
In this investigation, we assessed the adequacy of thiamin nutrition through tissue saturation status, taking into consideration the transketolase activity in erythrocytes and urinary excretion of thiamin. Erythrocyte transketolase activity remained unaltered throughout the study period. The activity coefficient also remained almost the same in all phases of the study. The urinary excretion of thiamin was also well within the reference range during Antarctic residency for a period of 1 month. We conducted this study over 30 days with no sign of thiamin deficiency. Therefore, the data suggest that an adequate amount of thiamin was available in the food consumed by the expeditioners. Riboflavin status was assessed by erythrocyte GR activity and by 24-hour urinary excretion of riboflavin. In this study, erythrocyte GR activity in phase II was decreased compared with phase I. In phase III, erythrocyte GR activity was also less compared with the basal value. These changes were statistically significant. Because conversion of oxidized glutathione (GSSG) to reduced glutathione (GSH) by GR depends on reduced nicotinamide adenine dinucleotide phosphate (NADPH), a decrease in GR activity could have been the result of decreased levels of NADPH as a result of cellular free radical stress under cold conditions. 26 A decrease in GR activity under cold stress has also been reported in earlier studies by Kaushik and Kaur 26 and Ohno et al. 27 In normal conditions, in vitro FAD addition should increase the GR activity if it is low initially, but such a situation is not born out by the observations during the study. Surprisingly, the activity coefficients were decreased compared with the basal value. This state could not be explained. Because urinary excretion of riboflavin in phase II and phase III and the activity coefficient of GR on stimulation in phase III were within the reference range, it was concluded that riboflavin was not deficient. More detailed studies will be required to explain the reduced GR activities per se.
In this study, erythrocyte AST activity and its stimulation with PLP was assessed to monitor vitamin B 6 status. Vitamin B 6 acts as a cofactor for glycogen phosphorylase, which converts stored glycogen into glucose and has involvement in the conversion of various amino acids into oxaloacetate, as well as the conversion of ␣-ketoglutarate, succinyl-CoA, and pyruvate into various amino acids. Thus, a pronounced deficiency of vitamin B 6 would cause a decrease in the conversion of glycogen to glucose, depleting a major source of fuel. 28 In this study a nonsignificant decrease in erythrocyte AST activity was observed in phase II. However, the activity coefficient after PLP stimulation decreased from 1.60 to 1.49, and that was maintained in phase III. The percentage increase in AST activity through stimulation ranged from 49% to 60%. This was well within the normal acceptable limits, which indicated the adequacy of B 6 dietary intake.
Niacin status was assessed by estimation of 24-hour urinary excretion of N-methyl nicotinamide. A deficiency of niacin could impair glycolysis and the Krebs cycle, whereas excessive niacin supplementation is reported to suppress the release of free fatty acids from adipose tissues through decreased lipolysis. Deficiency of niacin could result in decreased availability of a major fuel source for use during strenuous exercise. 29, 30 Excretion of normal levels of N-methyl nicotinamide in this investigation confirmed sufficient intake of nicotinic acid through diet.
In this study, the excretion of MMA in 24-hour urine was used as an index of vitamin B 12 status. The normal reference range of 24-hour excretion of MMA is reported to be 0 to 93 mol. 31 However, the reference range varies from method to method. The observed values in this investigation were in the range of 37 to 48 mol in 24 hours, which is considered within the reference range. MMA concentration did not change significantly in 24-hour urine during residence in Antarctica, and the excretion levels of MMA were well within the normal acceptable reference range, indicating the adequacy of vitamin B 12 intake.
Plasma ascorbic acid levels were measured to assess vitamin C status in this study. Vitamin C, because of its antioxidant properties and strong reducing potential, is reported to help in providing antioxidant defense by countering the stress of cold and hypoxia during exposure to high altitude. 32 A decreasing trend of vitamin C concentration was observed in this investigation. The level of vitamin C in plasma was significantly lower after a 1-month stay in Antarctica compared with the basal level at Goa, but the reduced level was within the acceptable reference range.
Although values were within the normal reference range, it was expected that vitamin C levels would decrease because of cold stress. The protective thermogenic effect of vitamin C against cold and cold injury has been determined by many investigators. 9, 10, 32, 33 It has been reported that vitamin C accelerates thermogenesis, peripheral vasodilatation, and to an extent, sympathetic hyperactivity. 8, 33 The efficiency of vitamin C in potentiating a peripheral vascular response during cold acclimatization can be attributed to its antioxidant properties and major physiological functions, including metabolic and thermogenic properties, collagen synthesis, and antistress activity.
This study had several limitations. Energy intake and expenditure were not assessed at sea level. Levels of micronutrients in food consumed could not be assessed because of logistic problems. Knowledge of vitamin C intake levels would elucidate whether the decrease in plasma vitamin C level was due to lower intake or was due to increase in use because of the cold. With our data, it can be speculated that decreased levels of vitamin C in phase III could be due to the combined effect of cold and decreased intake of vitamin C through processed food.
CONCLUSIONS
Results of this study indicated that expeditioners maintained vitamin B and vitamin C status within acceptable biological reference ranges after 1 month in Antarctica in the Austral summer while consuming canned and processed food. The decrease in vitamin C levels observed in this study during the Antarctic stay could be attributed to an increase in the metabolism of vitamin C because of its protective thermogenic effect against cold, a decrease in the intake of vitamin C from a lack of citrus fruits or fresh vegetables in the food supplied, or both.
